by oxygen in the presence of ground-up tissue and showed the sensitivity of this process to cyanide [4] . They referred to the enzyme responsible as indophenol oxidase from the color reaction they used to measure its activity. In the early 1920's, Thunberg [5] showed that the oxidation of a large number of organic compounds such as succinic acid is catalysed by enzymes, each specific for its substrate, named by Wieland [6] dehydrases and later dehydrogenases. As is well known, a controversy developed concerning the mechanism of biological oxidations. Wieland and Thunberg, impressed by the ability of dehydrogenases to catalyse the oxidation of organic compounds by artificial acceptors such as methylene blue, proposed that the fundamental action is the activation by the dehydrogenases of hydrogen atoms, otherwise inert, so that they can react with oxygen. Warburg, impressed by the presence of iron in respiring cells and the ability of cyanide both to combine with iron and to inhibit cell respiration, proposed that the fundamental process is the activation of oxygen by an iron-containing respiratory enzyme (atmungsferment) [7] . The basic features of our present picture of the respiratory chain were established by Keilin and his coworkers in the 1920s and 1930s. Already in his first paper, he showed that cytochrome b is the first acceptor of electrons from substrate. Making use of the exceptional stability of cytochrome c, Keilin and Hartree [10] extracted it from heart muscle. Most importantly, in 1939 [11] The second addition to Keilin's respiratory chain, proposed in 1948 before cytochrome c 1 was accepted, was an electron-transferring factor acting in the chain between cytochromes b and c that was irreversibly and specifically destroyed by aerobic incubation with a dithiol compound, called BAL [17] . After the discovery by Van Potter that the powerful respiratory-chain inhibitor antimycin also inhibits electron transfer between cytochromes b and c, which he ascribed (incorrectly as it transpired) to its binding to the factor, he kindly gave it the name Slater Factor [18] .
In the late 1950's, F.L. Crane [19] in David Green's laboratory discovered ubiquinone (coenzyme Q) as a new hydrogen carrier between the dehydrogenases and the electrontransfer chain proper, but it was not until much later that it was recognized that ubiquinone is also involved in electron transfer within the respiratory chain (see below).
After many earlier proposals that copper is involved as well as iron in the oxidation of cytochrome c, this was finally established in the 1960's by Helmut Beinert, using paramagnetic resonance spectrometry (EPR) [20] . Bob van Gelder [21] in my Amsterdam laboratory showed that the cytochrome c oxidase takes up 4 electrons per molecule, one each into the hemes of cytochromes a and a 3 and two into the copper atoms 2 .
The application by Beinert of EPR spectrometry revealed also a whole new class of electron carriers, the iron-sulfur centers [22] . With one exception, these centers are involved in the transfer of reducing equivalents from the flavin, by then recognized as a component of all ubiquinone-reducing dehydrogenases, to ubiquinone, rather than in Keilin's respiratory chain itself. The one exception was not in fact discovered by Beinert but by his colleague Rieske and is generally known as the Rieske iron-sulfur protein [23] . The high redox potential, around about that of cytochrome c 1 , made it an attractive site of action of antimycin and a candidate for my old factor. However, there was no experimental evidence for a reaction with antimycin and for many years in Amsterdam we did not know quite what to do about the Rieske protein, until Simon de Vries found that its EPR spectrum is affected by ubiquinone [24] . The breakthrough was made after Bernie Trumpower [25] showed that, after extraction of the Rieske protein, antimycin inhibits the reduction of cytochrome b, instead of its oxidation, as it was supposed to do if it inhibits the chain between cytochromes b and c. This reminded me of an old observation by Deul and Thorn [26] in my laboratory that this is exactly what antimycin does after destruction of the factor, what we called the "double kill" experiment. Sure enough Simon de Vries showed that the treatment I had used in the 1940's to destroy the factor has a drastic effect on the EPR spectrum of Rieske's iron-sulfur protein [27] . By establishing the identity of my factor and the Rieske protein, the number of possible components of the respiratory chain was at least reduced by one.
The double kill experiment is nicely explained by Mitchell's Q cycle [26] , to which I had paid insufficient attention when it was proposed, despite a friendly letter 
Fractionation of the respiratory chain
Keilin and his students used for their studies of the respiratory chain a suspension of small particles obtained by grinding heart muscle with sand in weak phosphate buffer, that became known as the Keilin and Hartree heart-muscle preparation [33] . I do not think that much attention was given in early studies to the nature or origin of these particles.
Indeed I think that I was the first to show that they contain about 30% lipid, an accidental observation made when I was looking for a method of determining the dry weight of the preparation, since in those days the activity of a respiratory preparation was expressed by the Q O2 (µl O 2 /h/mg dry weight). When as a newcomer, I asked Ted Hartree how to measure the dry weight of the suspension in the buffer, he suggested that I precipitate it with trichloroacetic acid, centrifuge, wash the precipitate, dry it and weigh it. This I did, but I decided to speed up the drying process by washing with ethanol. I found that this decreased the weight by 30%, compared with washing with water, and changed my definition of Q O2 to base it on fat-free dry weight. I did observe that the ethanol extract was bright yellow but did not give this any thought, thereby missing the opportunity of discovering ubiquinone.
The significance of the lipid became clear when at about this time Albert Claude [34] showed that the site of intracellular respiration is the mitochondrion and, when the mitochondrion was viewed by thin-section electron microscopy by Palade [35] , more precisely in the inner membrane or cristae. We now recognize that the Keilin and Hartree preparation consists of sub-mitochondrial particles, or vesicles, derived from the inner membrane.
No attempt was made by the Keilin school to fractionate the chain apart from the isolation of cytochrome c. The first success was obtained by Wainio [36] and Lucile Smith [37] , using deoxycholate and cholate, respectively, to disperse the membrane and allow its components to be separated by conventional ammonium sulfate fractionation. David Green's school [38] [58] .
